Presynaptic release probability is increased in hippocampal neurons from ASIC1 knockout mice.
Acid-sensing ion channels (ASICs) are H(+)-gated channels that produce transient cation currents in response to extracellular acid. ASICs are expressed in neurons throughout the brain, and ASIC1 knockout mice show behavioral impairments in learning and memory. The role of ASICs in synaptic transmission, however, is not thoroughly understood. We analyzed the involvement of ASICs in synaptic transmission using microisland cultures of hippocampal neurons from wild-type and ASIC knockout mice. There was no significant difference in single action potential (AP)-evoked excitatory postsynaptic currents (EPSCs) between wild-type and ASIC knockout neurons. However, paired-pulse ratios (PPRs) were reduced and spontaneous miniature EPSCs (mEPSCs) occurred at a higher frequency in ASIC1 knockout neurons compared with wild-type neurons. The progressive block of NMDA receptors by an open channel blocker, MK-801, was also faster in ASIC1 knockout neurons. The amplitude and decay time constant of mEPSCs, as well as the size and refilling of the readily releasable pool, were similar in ASIC1 knockout and wild-type neurons. Finally, the release probability, which was estimated directly as the ratio of AP-evoked to hypertonic sucrose-induced charge transfer, was increased in ASIC1 knockout neurons. Transfection of ASIC1a into ASIC1 knockout neurons increased the PPRs, suggesting that alterations in release probability were not the result of developmental compensation within the ASIC1 knockout mice. Together, these findings demonstrate that neurons from ASIC1 knockout mice have an increased probability of neurotransmitter release and indicate that ASIC1a can affect presynaptic mechanisms of synaptic transmission.